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Abstract: The use of FflR spectroscopy to distinguish between some geologically im­
portant carbonate minerals (calcite - CitCD), aragonite - CaCD), siderite - FeCD.I , 
magnesite - MgCD) and dolomite - CaMg(CD.1h) originating from Macedonia and to 
detect mineral impurities in them is considered. 11 was shown that the series of the 
studied isomorphous c~lcite type minerals is an ideal test case for the evaluating the in­
fluence of the corresponding cation upon the band frequencies or the carbonate v), V2 
and v~ modes in their ini'rared spectra, It enables to distinguish the isomorphous calcite 
type carbonates from one another. In the course of the quantitative determination of 
the composition of mixtures it is shown that the limit of detection of impurities of ara­
gonite in the mixtures with calcite (or other calcite type minerals) is around I wt %. 
The spectra or natural calcite and siderite were compared to those of their synthetic 
analogues. 
I 
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1. Introduction 
Various instrumental techniques and procedurcs for mineral detection, identifi­
cation, discrimination .;and quantitative dctermination have heen developed 
during the last few decades. The most frequcntly used among them are X-ray 
diffraction (BISH & ipOST 1993), thermal analysis (MoLDowsKI & MORGAN 
1980), optical diffuse, reflectance (GAFFEY 1986), Raman (GRIFFITH 1974) and 
infrared (FARMER 1979) spectroscopy (only a selection of the relevant refer­
ences is given above). Since all these techniques have their own advantages 
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and shortcomings, it is strongly recommendable (especially in the case of min­
erai characterization) to use as many of them as possible in a complementary 
rather than competitive manner. The importance of classical chemical analysis 
cannot be overemphasized. 
Very often, however, it is advantageous to use (or to develop) rapid and 
simple methods for mineral discrimination as well as for detection of impur­
ities in mineral mixtures using only one of the above-mentioned techniques, 
e.g., Fourier transform infrared (FTIR) spectroscopy or X-ray powder diffrac­
tion. Both techniques, namely, yield results quickly and provide a rapid indi­
cation about the presence of impurities. 
As a part of a broader study of the structural and spectroscopic characteris­
tics of minerals originating from Macedonia, we have previously studied the 
vibrational (lR and Raman) spectra of some sulfide minerals from Alsar 
(TRAJKOVSKA et al. 1992, SOPTRAJANOV et al. 1993, TRAJKOVSKA et al. 1993, 
SOPTRAJANOV et al. 1994, SOPTRAJANOV et al. 1997) as well as the analytical 
application of the FTIR spectra and X-ray diffraction patterns in the case of 
the carbonate minerals calcite and aragonite (JOVANOVSKI ct al. 1999a, 1999b, 
1999 c). Later the minerals siderite, magnesite and dolomite as well as calcite 
specimens from various localities in Macedonia were included in the study. 
Some sulfate minerals (gypsum, barite and their synthetic analogues) by FTIR 
and Raman spectroscopy were in the meantime characterized as well (STEFOV 
et al. 1999,2001). 
In the current paper we present the results of our study on the application of 
FTIR spectroscopy for identification of various carbonate minerals from Ma­
cedonia and the determination of the low detection limit for aragonite in mix­
tures with calcite-type minerals. 
2. ExperimentaJ 
The mineral samples wcre collected from various localities in Macedonia (cal­
cite: Sivec, BeSiste, Bucim, Prilep, Sasa, Bela Pola - Nebregovo, Zletovo; ara­
gonite: 'Rzanovo; siderite: Zletovo; magnesite: Pcinja ; dolomite : Sivec). They 
were picked under a microscope from the ore samples . The synthetic analo­
gues of calcite and siderite of p.a. quality were used for the analysis. 
The infrared spectra of the studied samples were recorded on a Perkin­
EI~~: FTI~ system 2000 interferometer using the KBr pellet method . The ac­
qUlslllOn 01 the spectra was done using the GRAMS ANALYST 2000 package 
(1991-1993). The GRAMS32 package (1991-1996) was employed for manipu­
lations on the recorded spectra . 
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3. Mineral associations of the studied calcite, siderite, 
dolomite, magnesite and aragonite 
Details about the carbonate mineral deposits in Macedonia are previously pub­
lished in many papers. Some of them are mentioned below where a bri~f sum­
mary of the main characteristics of the mineral associations of the studied cal­
cite. siderite. dolomite. magnesite and aragonite is given. 
3.1. The Sivec - Bela Pola deposit 
The mineralogical. structural and textural composition of the Sivec - Bela 
Pola marble mass is made up of dolomite sugary-white marbles with jets. stri­
pes and nests of calcite and striped calcite marbles (BARIC 1967. DUMURGA­
NOV & STEf'KOV (994). The dolomite sugary-white marbles developed in the 
lowest levels are white. fine-grained (grain size 0.1 to O.S mm) homogenized. 
massive and rather compact. Their dolomite composition is partially related to 
their genesis because the lowest levels of the marble series of the Pelagonian 
massif are made up of dolomite and dolomite-calcite marbles. However. the 
whiteness. the homogeneity and the compactness. typical of this site. are 
largely related to the thermal intluence and the metamorphic processes of the 
Pelagonian granitoids. The granitoid influence of the marbles is also proved 
by the occurrence of cprundum. fluorite. paragonite. phengite. titanite. epidote 
minerals which have not been determined in other sites. The carbonate min­
erals such as calcite ~nd dolomite are very common at these localities. The 
dolomite as well as calcite occurs in crystal forms incorporated in the dolomite 
marbles. The crystals almost always represent the basic rhombohedron. 
3.2. The Zletovo deposit 
This lead-zinc vein type hydrothermal deposit is genetically associated with 
the processes of Tertiary magmatic activity. Several major types of ore para­
geneses are established at this deposit including the low temperature oxide 
carbollate paranegesis (siderite. rhodochrosite. calcite. barite. quartz. chalce­
dony) where the studied calcite and siderite samples were taken from (DEN­
KOVSKI 1974. BOEv e.t, al. 1992. SERAFIMOVSKI 1993). Calcite occurs in clear. 
occasionally transpare'1t crystals of developed rhombohedral planes. Occa­
sionally it also occurs as crystal aggregate. Siderite is a common carbonate in 
these associations occurring as fine-grained pale yellowish crystal aggregates. 
3.3. The Bucim depo~it 
The mi.neral compositi~n of this porphyry copper and gold deposit consists of 
t~e vanous para~enes6s including the low lemperalUre petrogenous paragene­
SIS (quartz, claclte. chalcedony) where the studied calcite sample was taken 
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from (BOEV et al. 1992, CiFLIGANEC 1993, TUGAROV & SERAFIMO~SKI 1995). 
Calcite occurs in association with quartz and chalcedony. It occurs In transpar­
ent crystals of variable size with clearly developed rhombohedral planes. 
3.4. The Bdiste deposit 
A large travertine plate of some 20 km2 in size has been found within the :'~io­
cene sediments and volcanogene sediments between the villages of Beslste, 
Polciste and Manastirec in the Mariovo basin (JENKO 1958, PAVLQVSKI 1976) 
Large white calcite crystals of clearly pronounced rhombohedral planes can be 
found in this plate built up of carbonate groundmass. 
3.5. The Sasa deposit 
The Sasa lead-zinc deposit belongs to the hydrothermal deposits genetically 
associated with the Tertiary calc-alkaline intermediary magmatism. The min­
erai paragenesis of the deposit is rather complex containing various minerals 
(ALEKSANDROV 1992, ALEKSANDROV & SERAFIMOVSKI 1992, SERAFIMOVSKI 
& ALEKSANDROV 1995). The occurrence of carbonatite minerals present as 
calcite, dolomite, kutnahorite, rhodochrosite, siderite, ankerite, barite, octavite 
is of particular interest. 
3.6. The 'Rzanovo deposit 
The 'Rzanovo deposit is situated in the central part of Mount Kozuf. The open 
pit of this zone consists of ultrabasic rocks. The ore layer is about 750 meters 
long and 15 to 25 meters thick ending with faults in the NW and SE parts of 
the deposit. Veins fi lied with fibrous white minerals such as calcite, dolomite 
and aragonite can be obs'erved within the serpentinized ultrabasic rocks (BOEV 
& STOJANOV 1982, JANKOVIC et al. 1997). The veins can be up to 80cm thick. 
3.7 The Pcinja deposit 
A magnesite occurrence in the form of veins and cherts wedging to depth has 
been found in close proximity to the flow of the River Pcinja into River Vardar 
(ARSOVSKI & DUMURGANOV 1995, ARSOVSKI & STOJANOV 1995). These are 
small bodies (about I m thick) occurring some 30 meters to depth. They are es­
sentially joint in serpentinized dunites filled with magnesite, calcite and arago­
nite. Magnesite OCcurs as a large shell-like fracture and white to yellow mass. 
4. ResuJts and discussion 
4.1. Identification and discrimination of minerals 
Looking for genuine calcite specimens, we collected samples from the local­
ities Sivec, Bdiste, Bucim, Prilep, Sasa, Bela Pola - Nebregovo. The close 
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Fig. I. The FfIR spectra of calcite mineral samples from Sivec (I). BeSiSte (2). Bu6m 
(3), Prilep (4). Sasa (5) and Bela Pola (Nebregovo) (6). 
similarity of the Ff infrared spectra of all these specimens (Fig. \) was taken 
as a strong indication that they belong to the same mineral species. The com­
parison of the wavenumber values of the IR-active internal C032- modes (V2 ­
out-of-plane bend; vJ - antisymmetric stretch and V4 - in-plane bend) with the 
corresponding values in the spectra of authentic calcite samples (WHITE 1974) 
showed that the collected mineral samples from various localities could indeed 
be characterized as being calcite specimens. 
It should be pointed out that Fig. I demonstrates the reproducibility of the 
results of FTIR spectroscopy when various specimens of the same mineral 
species are studied: the wavenumber differences going from one spectrum to 
another do not exceed I cm- I (a similar situation was encountered when Ra­
man spectroscopy was' used for analogous purposes (HERMAN et al. 1987). The 
comparison of the FfIR spectra of calcite and its synthetic analogue (Fig. 2) 
has shown that there is practically no frequency difference between the corre­
sponding vibrational modes either. 
On the other hand, when compared to the infrared spectrum of calcite from 
Sivec. the spectrum of the mineral from the Zletovo ore deposit (previously 
also believed to be calcite) exhibits observable differences (Table I). Thus, the 
frequencies of the VJ, V2 and V4 modes in the spectrum of the Zletovo mineral 
are 1415,866 and 732cm-1 whereas the corresponding values in the spectrum 
of the Sivec calcite are 1424, 875 and 712 cm- I (the frequency difference is 
particularly pronounced for the V4 mode). Taken all together. it became clear 
5 
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Fig. 2. The FrIR spectra of synthetic calcite (I) and mineral calcite (Sivec) (2). 
that this specimen was not calcite, the outside appearance and the overall simi­
larity of its IR spectrum with those of calcite (WHITE 1974) notwithstanding. It 
was shown that its FfIR spectrum is similar with the spectrum of the calcite 
type mineral siderite (WHITE 1974) (see Table I). 
Continuing the spectral study of the minerals of calcite type, significant dif­
ferences between the spectra of the above discussed specimen considered as 
"siderite" and synthetic FeCO-, were registered in the region of v-' (1415 and 
1421 cm- I , respectively) and V4 (732 and 738cm- l , respectively) modes (Table 
I). It was prescribed to the presence of significant amount (46.2 %) of rho­
dochrosite (MnCO-,) in the "siderite" mineral sample which was found by the 
elemental analysis (ZENDELOVSKA et al. 1999). Recently additional results 
concerning the elemental analysis of aragonite and sidcrite were published 
(ZENDELOVSKA et al. 2001, STAFILOV & ZENDELOVSKA 2001). They are in 
agreement with the results obtained by infrared spectroscopy. 
As already pointed out, this made us more cautious and forced us to collect 
calcite samples from many locations and to include in our study other minerals 
(siderite, magnesite and dolomite) known (BRAGG & CLARINGBULL 1965) to 
be isomorphous with calcite. The IR-active carbonate bands are listed in Table 
I. As can be seen, all these bands di ffer in thei r frequencies: the range for the 
v-' mode is 1450-1415cm-l, that for the V2 mode is 887-866cm-1 and, finally. 
the highest frequency for the V4 mode is 748cm-1 and the lowest value for this 
mode is 712cm- l . When the values for any particular band in [he spectra of the 
four studied carbonates are compared, it is seen that the smallest frequency 
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Table 1. Some structural and spectroscopic characteristics of calcite type minerals 
(magnesite. dolomite. siderite. calcite) and aragonite. 
Mineral Characteristics of the cation Averagc Covalent Vibrational 
Effective 
radius/A' 
A, CN cation - oxygen 
distancelAh 
character of the 
cation-oxygen 
bond/%h 
frequencies/em - I 
V.l V2 V~ 
Magnesite 
MgCO) 0.72 24.31 6 2.14 29 1450 887 748 
Dolomitc 
CuMg(CO.ljz (0.86)•• 32.20 6 2.25 24 1438 881 729 
Siderite~ 
FeCO) 0.78 55 .85 6 2.18 31 1422 866 737 
"Siderite' , 
FeCO.1 with 
46.2% MnCO) 1415 866 732 
Calcite 
CuCOJ 1.00 40.08 6 2.37 19 1424 875 712 
Aragonite" 
CaCOJ 1.18 40.08 9 2.49 19 1474 858 699 
• According to SHANNON (1976) . 

h Taken from BOLDREV & POVARENNYKH (1968). 

C .The VI mode in the FTIR spectrum of aragonite appears at 1083cm- l 
U According to WHITE (1974). 
difference is not less than 9cm-1 for the v, mode, 6cm-1 for the V2 and II em-I 
for the V4 one - appreciable larger than the experimental error. It is thus evi­
dent that the frequencies of the three IR-active modes have a diagnostic value 
and can be used to distinguish the isomorphous calcite-type carbonates from 
one another. 
4.2. Influence of the cations 
The series of the isomorphous minerals (calcite. siderite. magnesite and dolo­
mite) is. in fact, an ideal test case for evaluating the intluence of the catiolls 
(the building structural constituents which are different) upon the band fre­
quencies of the carbonate v3. V2 and V4 modes in the studied compounds. 
It should be recalled that the structure of calcite (BRAGG & CLARINGBULL 
1965) (and those of the rest of calcite-type minerals) is built up of columns of 
alternating cations and anions so that the M2+ ions are situated above and be­
low the planes of the C032- anions in which the p electrons are dclocalized. 
Thus. no true covalent bonds could be formed and the cation-to-oxygen dis­
tances would serve more as an indication of how far the cations are from the 
anion planes than for an esti mati on of the degree of covalent character of the 
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M-O bonds. If the structures of all members of the series are known, the 
M2+ -0 distances are a straightforward experimental fact. Alternatively, the 
values of these distances may be estimated knowing the effective ionic radii 
(SHANNON 1976) of the respective M2+ ions. This, then, is the reason why the 
values or the effective radii of the M2+ ions are included in Table I. Also, the 
relative cation mass of the respective cations, the estimated degree of covalent 
character of the cation-oxygen bond together with the observed frequencies of 
the IR-active carbonate modes are listed in this table. Although the extent and 
the direction of their influence are not straightforward, the analysis of the data 
in Table I shows that the increase of the effective radius of the cation is gener­
ally accompanied by led shift of the vibrational modes. It is worth mentioning 
that the frequencies of the carbonate modes in dol{)mite [CaMg(COJhJ follow 
this trend and lie between the values of the corresponding modes in the spectra 
of magnesite and calcite. 
4.3. Detection of impurities 
Like other methods, the detection of mineral impurities by IR spectroscopy is 
based on the presence of analytical bands in the regions where there are no 
signals from the other constituents of the studied system (in the case of IR 
spectroscopy - no absorption bands from the major constituent). The lower 
local symmetry of the CO/- ions in aragonite (Cs) than in calcite (DJ) leads to 
the appearance (at 1083 cm-I) of the VI mode (symmetric CO.l2- stretch) in its 
IR spectrum. Since the VI mode is infrared inactive under DJ symmetry, there 
are no bands in the corresponding regions of the IR spectra of calcite and its 
isomorphous analogues (siderite, magnesite and dolomite (Fig. 3). Thus, the 
1083 cm-I band can be considered as a good analytical band which makes it 
possible to detect the presence of small amounts of aragonite in mixtures with 
calcite-type minerals and even to make semi quantitative estimation of the ara­
gonite content and to determine the low detection limit of aragonite in mixtu­
res with such minerals. 
The results of the lalter task are illustrated in Figure 4 in which the spec­
trum of pure calcite (Sivec) is compared with the spectra of mixtures of calcite 
with 1%.2 %,5 % and 10 % of aragonite. It is obvious that without special ma­
nipulations of the spectra, the lower limit of detection of aragonite in calcite is 
rather low and amounts to about I wt % . 
. Similar or even better results were obtained by powder X-ray diffraction. It 
was previously shown (JOVANOVSKI et al. 1999 b) that the low limit for detec­
tion of aragonite in calcite is around I wt %, whereas the presence of even 
lower than 0.5 wt % impurities of calcite in aragonite can be detected by pow­
der X-ray di ffraction . The comparison shows that, in the present case, the 
'I 
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Fig. 3. The FfIR spectra of calcite (Sivec) (1) and aragonite (,Rfanovo) (2). 
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Fig. 4. The fTIR spectra of calcire (Sivec) anti mixtllres of calcite with nragonire('Rlanovo). 
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powder X-ray diffraction is a more sensitive method, compared to the FfIR 
spectroscopy. Since the sensitivity of a particular method depends on case to 
case, this should not, however, be used as a general conclusion. 
5. Conclusions 
It was shown that the series 0(' the isomorphous calcite type minerals (calcite, 
siderite, magnesite and dolomite) is an ideal test case for the evaluating the in­
fluence of the corresponding cation upon the band frequencies of the carbo­
nate Vl, V2 and V4 modes in their infrared spectra. It means that the frequencies 
of the infrared vibrational modes are diagnostic and could be used to distingu­
ish the isomorphous calcite type carbonates from one' another. 
In addi tion to other spectral di fferences, the appearance of the v I mode 
(symmetric stretch) in the IR spectrum of aragonite (at 1083 cm-I), which is 
absent in the spectra of the calcite type minerals, enables to distinguish be­
tween these two structurally different types of minerals as well as to detect the 
presence of small amounts of aragonite in the corresponding mixtures with the 
minerals of calcite type, the lower limit of detection of aragonite in calcite 
amounting about I wt %. 
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